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Description 

Background of the Invention 

Technical Field s 

The present invention relates to fluid filter assem- 
blies and, more particularly, relates to rolled filter assem- 
blies which have universal applications and which can 
be removed and installed in a short period of time. 

Background Art 

In a wide variety of fluid processes, it is necessary 
to remove particles from the fluid by filtration at one or 
more points in the process. In certain fluid processes, 
the requirement for various sized filters is dictated by the 
desired fluid flow rate through the filters, the time inter- 
vals or durations between filter changes, the amount of 
particles in the fluid, and the degree of particle removal 
that is necessary or desired. In certain processes, where 
the time interval between filter changes is relatively 
short, it is important to minimize the amount of liquid that 
is wasted when the filter is changed, and to minimize the 
labor and time required to change the filter. In addition, 
certain processes require that the time required to 
change a filter be relatively short to minimize interruption 
of the process. 

In many fluid processes, internal bypass of unf iltered 
fluids is unacceptable. That is, it is extremely important 
that the filter operate in a manner such that no unf iltered 
fluid is allowed to bypass the filter medium. In addition 
to the reliable operation of the filter, it is also desirable to 
provide a filter that cannot be incorrectly inserted in the 
filter system in such a manner that such bypass is per- 
mitted. 

In addition, in many processes involving the use of 
toxic or hazardous liquids, external leakage of the liquid 
through assembly error or through failure of the filter is 
unacceptable. 

In many instances, the filters of such processes are 
self-contained and are directly connected to the liquid 
conduit of the system. However, filters of this type have 
a very limited field of use since they are generally com- 
patible with only a single size fluid conduit and only a 
single connector design. In addition, replacement of 
such self-contained filters is a relatively time-consuming 
process and thus may require that the system be shut 
down for relatively long periods of time while the filter is 
being replaced. Moreover, the chances of assembly error 
are relatively high due to the complicated connectors 
associated with self-contained filters. 

Increased flexibility of filtration systems can be pro- 
vided by designing filter holders integral with the system. 
Replacement of such filters can be performed relatively 
quickly by removing the used filter from the holder and 
by placing a new filter in the holder. However, the flexi- 
bility of such devices is limited by the physical dimen- 
sions of the filter since typical filter holders are designed 



to accommodate a filter unit of a single diameter and 
since these holders havef ixed connectors which are suit- 
able for connection to only specific sizes and types of 
external fluid conduits or piping. Moreover, since the filter 
units are not self contained, the interior surface of the 
filter holders is wetted, that is, the filter holder is in direct 
contact with the fluids. This is undesirable in situations 
where the fluid is either difficult to clean, incompatible 
with the materials of the holder, or presents environmen- 
tal or safety concerns when the filter element is removed 
from the filter holder after use. 

There has thus been a need for the provision of a 
filter assembly which is flexible, simple, and which can 
be reliably installed in a relatively short period of time. 

There has also been the need for the provision of a 
filter assembly which includes a self-contained filter 
which is mounted in a filter holder but which does not wet 
the filter holder. 

There has also been a need for the provision of a 
filter unit which prevents internal bypass of the fluid being 
filtered and external leakage of the fluid during filtration 
but which can be quickly and easily inserted into and 
removed from a filtration system and which is compatible 
with a variety of external fluid conduit sizes. 

There has also been a need for the provision of a 
filter unit which is compatible with many different pipe 
sizes and connector designs and which therefore has 
universal applications. 

There has also been a need for a filter unit which 
allows for easy change in the filter medium area and dirt 
handling capacity. 

There has also been the need for a filter unit having 
a filter and holder made of opaque materials so that light 
sensitive fluids may be filtered in a lighted area. 

There has also been the need for a filter unit that 
allows for use of the system when a filter is not required 
such as during a cleaning operation. 

Summary of the Invention 

These needs have been satisfied by providing a filter 
assembly comprising a rigid filter holder, a sealed filter 
unit having a pair of end caps, the end caps having bores 
formed therein for the passage of fluid and the end caps 
being mountable within the filter holder. In a preferred 
embodiment, the fluid connectors are formed as part of 
the filter holder. The end caps, when mounted within the 
filter holder deflect inwardly to form sealed connections 
with the fluid connectors. The end caps are outwardly 
deformable under fluid pressure within the filter unit to 
improve the sealed connection between the fluid connec- 
tors and the end cap. 

The need for providing a flexible system which can 
be installed reliably, quickly, and easily has been further 
satisfied by providing fluid connectors as part of the filter 
holder each of which includes a female portion having a 
sealing element located therein, and by providing end 
caps which comprise a male portion, which selectively 
engages the sealing element, and an internal surface 
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which extends generally in parallel with the sealing ele- 
ment and which is subject to contact by fluid when the 
filter assembly is in use. In order to amplify the pressure 
in the sealing element, the area of the internal surface is 
larger than the area of the sealing element. 

This need is still further satisfied by constructing 
each end cap from molded plastic and bonding the end 
cap to a respective axial end of a filter element. Each of 
the end caps is essentially cylindrical in shape and 
includes an annular surface having an external face, a 
hollow frusto-conical neck which extends outwardly from 
the external face, through which one of the bores is 
formed, and which forms a male portion for engagement 
with a female portion of the fluid connector, and an 
essentially cylindrical shell which surrounds the annular 
surface and which has an outer axial end surrounding 
the external face. 

In order to promote air purging, fluid drainage and 
the desired bowing effect, the annular surface of each of 
the end caps is essentially frusto-conical in shape and 
extends from an inner radial periphery of the shell to the 
base of the neck. Each of the end caps includes a plu- 
rality of external ribs each of which extends radially from 
the inner radial periphery of the shell to the neck and 
which extends axially from the external face to a position 
which is essentially co-planar with the outer axial end of 
the shell. The shell has an internal axial end which sur- 
rounds an internal face of the annular surface of the end 
cap, the internal end of the shell being flared outwardly 
from the internal face to facilitate insertion of the filter 
element in the end cap, wherein a plurality of internal ribs 
extend radially from an inner radial periphery of the shell 
to the neck and provide support for the end cap while 
providing channels for the transfer of fluid between the 
neck and the axial end of the filter element. 

These needs are also satisfied by providing a 
method of filtering solutions comprising the steps of 
mounting first and second end caps of a filtration unit 
having a filter element sealed to the end caps, on a filter 
holder having fluid connectors integral therewith such 
that sealed connections are formed between the fluid 
connectors and the end caps upon mounting. Other 
steps include conveying fluid into the first fluid connector, 
through the first end cap and the filter element, and out 
of the second end cap and the second fluid connector, 
and axially deforming the end caps by fluid pressure in 
the filter unit, thereby forcing the end caps into tighter 
engagement with the fluid connectors and improving the 
sealed connection. 

The means to prevent internal leakage of fluid is pro- 
vided by conveying the fluid axially through a central 
opening in the first end cap, then directing the fluid radi- 
ally away from the central opening, then conveying the 
fluid axially through a channel formed between fluid 
impermeable spacer layers of a filter element and 
through filter medium connected to the adjacent imper- 
meable layers, and then directing the fluid to a central 
opening formed in the second end cap. 



The need for providing afilter element with universal 
applications is further satisfied by providing a filter 
assembly comprising a rolled filter element having first 
and second ends, and first and second end caps sealed 

5 to the first and second ends of the rolled filter element. 
Also provided are an opaque reinforcing tape wound 
around the rolled filter element to prevent radial expan- 
sion, a filter housing which axially supports the rolled fil- 
ter element, and means for forming a fluid-tight 

10 connection between each of the first and second end 
caps and external piping elements under fluid pressure 
within the filter unit and for at least partially releasing the 
fluid-tight connection in the absence of the fluid pressure. 



The above and further objects of the invention will 
become more readily apparent as the invention is more 
clearly understood from the detailed description to follow, 
20 reference being made to the accompanying drawings in 
which like reference numerals represent like parts 
throughout, and in which: 

Fig. 1 is a sectional plan view of a filter unit con- 
25 structed in accordance with a first embodiment of 
the invention; 

Fig. 2 is a sectional plan view of the filter unit of Fig. 
1 having connectors fitted on the end caps as part 
of a filter holder; 
30 Fig. 3 is a sectional elevational view of a filter core 
plug; 

Fig. 4 is a top view of a filter core plug; 
Fig. 5 is a plan view of the external face of an end 
cap of the filter unit of Figs. 1 and 2; 
35 Fig. 6 is a plan view of the internal face of the end 
cap of Fig. 5; 

Fig. 7 is a sectional view of the end cap taken along 
the line A-A of Fig. 5; 

Fig. 8 is a perspective view of the filter unit of Figs. 
40 1 and 2 shown partially in cross section; 

Fig. 9 is a sectional view of the rolled filter element 
of the filter unit of Figs. 1 and 2; 
Fig. 1 0 is a perspective view of the filter element of 
Fig. 9 having the outer layer cut open for the sake of 
45 illustration; 

Fig. 11 is an end view of the filter holder of Fig. 12; 
and 

Fig. 1 2 is a front view of a filter holder constructed 
in accordance with an embodiment of the invention; 
so Fig. 1 3 is a sectional view of the end cap and filter 
holder of the present invention; 
Fig. 1 4 is a plan view of the external face of another 
end cap constructed in accordance with the present 
invention; 

55 Fig. 15 is a sectional view taken along the line A-A 
in Fig. 14; 

Fig. 16 is an enlarged view of detail circled in Fig. 15; 
Fig. 1 7 is a perspective view of the external face of 
another end cap; 
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Fig. 18 is a perspective view of the internal face of 
the end cap; 

Fig. 1 9 is a cross sectional view of a dutchman used 
when a filter element is not required or when the sys- 
tem is cleaned. 5 
Fig. 20 is an enlarged view of thef lange of the dutch- 
man shown in Fig. 19. 

Detailed Description of the Preferred Embodiments 

In accordance with the present invention, a sealed 
filter unit is provided having end caps which engage fluid 
connectors which are part of the filter holder. The fluid 
connectors are attached to external piping which con- 
veys fluid through the filter unit. The filter unit assures 
that all liquid passing through the unit is filtered. The fluid 
connectors locate the filter unit in the filter holder which 
allows rapid and reliable insertion and removal of the fil- 
ter unit by an unskilled operator and which provide a pre- 
liminary seal upon mounting the filter unit in the filter 
holder. In the absence of fluid pressure, the filter unit can 
be manually removed from the filter holder by removing 
the locking pins from the filter holder and raising the end 
plate. "Manually", in this context, is to be understood to 
comprise the manipulation or carrying out by a single 
operator without the use of tools. The end caps flex axi- 
ally under internal fluid pressure to lock the filter unit in 
position and to improve the liquid-tight seals between the 
end caps and the fluid connectors. 

Referring to Figures 1 and 2, the filter unit 52 
includes a filter element 58 which is rolled around a hol- 
low cylindrical polypropylene core 62 in a spiral. Core 62 
extends axially through the center of the filter element 58 
and is closed by core plugs 640 which seal the core, thus 
assuring that fluid flowing through the filter must pass 
axially through the filter element 58. In the illustrated 
embodiment, the plugs 640 are joined with the core 62 
with hot melt. 

Illustrated in Figs. 1, 2, 3 and 4, core plugs 640 are 
provided which are formed of separate elements which 
fit axially inside the core 62. Each of these plugs includes 
a frusto-conical portion 642 which slides inside the core 
62 and which is reinforced by a plurality of axially extend- 
ing ribs 644. The outer axial end of each plug 640 is 
sealed by an end surface 646 having an annular flange 
648 which engages the end caps of the filter unit in a 
manner discussed in more detail below. The central por- 
tion of this end surface is bowed outwardly in an essen- 
tially frusto-conical manner to help direct fluid into the 
filter element 58. Bowed portion of end surface 646 also 
prevents retention of fluid in the core plug after use and 
reduces the amount of fluid in the filter unit during use, 
thereby minimizing the loss of fluid when the filter unit is 
replaced. Additional radial direction of fluid is provided 
by a central protrusion 654 which extends axially into the 
neck of the end cap 60. A pair of protrusions 652 are 
provided on flange 648 and extend between internal ribs 
of the end caps, described in more detail below, to pre- 



vent relative rotation between the core plugs 640 and the 
end caps 60 during assembly. 

An opaque fiberglass-reinforced tape 66 is wrapped 
around the periphery of the filter element 58 to prevent 
radial expansion of the filter element. Fiberglass rein- 
forced tape wrap is well known, and can withstand pres- 
sures of 862 kPa (125 psi) or more without loss of 
physical integrity. 

Referring to Figures 9 and 1 0, filter element 58 com- 
prises a layer of corrugated fluid-impermeable spacer 
material 68 wound in a spiral around core 62. A layer of 
filter medium 70 is attached at one end 10 of the inner 
surface of spacer material 68 and at the other end 1 1 to 
the outer surface of spacer material 68. This construction 
provides channels via which the fluid can flow through 
the filter element, thus facilitating the flow of fluid through 
the filter unit once the fluid enters the spaces between 
the adjacent spiral wound layers. Each of the opposed 
ends of the filter medium layer 70 is connected to a 
respective end of one of the adjacent spacer layers, thus 
diagonally connecting the two layers and assuring that 
any fluid flowing between the two layers must pass 
through the filter medium. In use, fluid is forced axially 
through the spaces formed between the layers 68 of 
spacer material in the direction shown by the arrows in 
Figures 9 and 10, passes through the filter medium 70 
where particles are removed, and exits at the far end of 
the filter element. Spiral filters, also called rolled filters, 
are, per se, well known, as exemplified by U.S. Patent 
No. 3,722,696 to Dwyer et al. 

The axial ends of the filter element are enclosed 
within end caps 60 which direct the flow of fluid through 
the filter and which bow or deform outwardly under fluid 
pressure within the filter unit to provide a fluid-tight seal 
between the end caps and the associated connectors. 
Each end cap 60 is molded from opaque plastic and is 
bonded to a respective axial end of the filter element 58. 
Each end cap 60 is essentially frusto-conical in shape, 
and has a hollow cylindrical neck 80 extending outwardly 
from the external face of the end cap. This neck forms a 
male member or portion for engagement with a female 
member or portion of fluid connector 54 (Figs. 1 and 2) 
or 376 and 378 (Figs. 1 1 and 1 2) in a manner discussed 
in more detail below. 

The external face (Figs. 5 and 7) of the end cap is 
bordered by a first axial end of an essentially cylindrical 
shell 82 and includes an external face of a curved or 
essentially frusto-conical surface 84 extending from the 
inner radial periphery of the shell to the base of neck 80. 
A plurality of external ribs or fins 86 extend radially from 
the inner radial periphery of shell 82 to the neck 80, with 
each rib extending axially from the external face of sur- 
face 84 to a position which is essentially co-planar with 
the outer axial end of shell 82. These ribs provide struc- 
tural support for the end cap, thus prohibiting cata- 
strophic rupturing of the end cap and telescoping of the 
filter element when the end cap bows axially under the 
pressure of fluid in the filter. 
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The internal face (Figs. 6 and 7) of the end cap is 
bordered by the other axial end of shell 82 and includes 
an internal face of surface 84. The shell 82 is flared 
slightly outwardly from the internal face of surface 84 to 
the inner axial end of the shell to facilitate insertion of 5 
filter element 58 into the end cap. A plurality of internal 
ribs or fins 88 extend radially from the inner radial periph- 
ery of the annular shell 82 to the neck 80. These ribs 
provide structural support for the filter element while also 
providing channels for the transfer of fluid between the 
central bore formed by the neck 80 of the end cap and 
the axial end of the filter element 58. Each rib includes 
a notch 90 which is formed at its inner radial end and 
which is designed to receive a supporting flange 648 of 
the associated core plug 640. 

In addition, each of a number of evenly-spaced ribs 
includes an axial protrusion 94 which is wider and axially 
longer than the remainder of the rib. These protrusions 
provide two functions. First, they take up play between 
the end cap and the axial end of the filter element 58, 
thereby facilitating the manufacturing process and obvi- 
ating the need for the provision of close tolerances during 
manufacture of the end cap and assembly of the filter 
unit. Second, they provide an internal gap between the 
majority of the internal ribs and the axial end of the filter 
element 58. This gap facilitates the assembly and 
improves the operation of the filter assembly in a manner 
discussed below. 

The inner radial periphery of the inner axial half of 
the shell 82 includes corrugations 96 which facilitate con- 
nection of the end cap 60 to the filter element 58. As illus- 
trated in Figs. 8 and 9, the radially outermost layer of 
spacer material 68 of the filter element 58 is connected 
to the inner radial periphery of the shell via a bead 97 
which is formed from hot melt which fuses to the end cap 
and to the filter element before cooling, thus firmly 
attaching the end cap 60 to the filter element 58. 

In the preferred embodiment of the present inven- 
tion, the filter unit 52 is held by filter holder 350 which is 
shown in Figures 11 and 12. The filter holder 350 
includes a first fixed end plate 352 which is rigidly con- 
nected to rigid side elements 354 and 356 and a second 
end plate 358 which moves axially in relation to side ele- 
ments 354 and 356. Axial movement of the end plate 358 
is provided by clevises and cam mechanisms which are 
shown generally at 364 and 366 and which interconnect 
the handles 360 and 362, the end plate 358 and the side 
elements 354 and 356. Holes 368 and 370 are formed 
in the clevises of mechanisms 364 and 366 and are 
aligned with corresponding holes 372 and 374 in handles 
310 and 362 when the handles are rotated to the position 
illustrated in solid lines in Fig. 12 for insertion of locking 
pins. Inlet and outlet openings 378 and 376 are formed 
in the center of end plates 358 and 352 for the insertion 
of fluid connectors 382 and 380. The fluid connectors are 
formed integral with the end plates 358 and 352. The fluid 
connectors are press fitted into the end plates 358 and 
352 and retained with retaining compound. Other meth- 



ods of forming an end plate with a fluid connector are 
possible. 

In use, the filter holder is mounted on a suitable sur- 
face in the position illustrated in dotted lines in Fig. 12 
with the openings 376 and 378 of end plates 352 and 
358 aligned with suitable lines or pipings for conveying 
fluid through the filter. The holder is preferably mounted 
vertically with the inlet 378 positioned above the outlet 
376 so that the filter is self-draining after use and also 
allows air to be forced through the filter after use to aid 
in fluid removal. The filter can also be vertically mounted 
so that the outlet 378 is above the inlet 376. 

To ready the filter for use, a filter unit of the type 
described above is placed in the filter holder 350. The 
fluid connector 380 is formed integrally with end plate 
352. The fluid connector 380 has been connected to an 
outlet fluid pipe, (not shown). Positioning the filter unit in 
this manner is made possible by previously rotating the 
handles 360 and 362 to the positions illustrated in dotted 
lines in Fig. 12 so that the end plate 358 is positioned 
axially away from the end plate 352 to allow insertion of 
the filter unit in the holder. 

Next, the handles 360 and 362 are rotated towards 
the positions illustrated by solid lines in Fig. 12, causing 
the end plate 358 to move axially toward the position 
illustrated by solid lines. During this movement, the fluid 
connector 382 mates with the neck 80 of the end cap 60 
compressing gasket 108, as shown in Fig. 13, thereby 
providing a preliminary fluid seal between the end caps 
and the fluid connectors. The perimeters of the end caps 
contact the surfaces of the end plates and are thereby 
restrained. Further axial movement of the end plate 358 
toward the end plate 352 bows or deforms the end caps 
of the filter unit inwardly as shown in Fig. 13 as the trian- 
gular gap 30 between 86 and 358. The closure handles 
create an overcenter latching mechanism in the closed 
position with the filter in place. The axial force generated 
by the pressure in the filter helps to restrain the handles 
360, 362, linkages 364, 366 and plate 358 in the closed 
position. This design includes locking pins that pass 
through the handles 360, 362 and clevis linkage 364, 366 
locking the holder in the closed position to prevent acci- 
dental opening during operation. 

When the handles are rotated into their optimum 
positions, the holes 368 and 370 in the clevises will 
become aligned with the holes 372 and 374 in the han- 
dles. The holder can then be locked in its closed position 
simply by inserting pins through the holes 368, 372 and 
372, 374. The process piping does not need to be con- 
nected or disconnected for filter changes with this hard- 
ware. 

Shown in Fig. 13 is a sectional view of the end cap 
60, filter unit 58 and filter holder end plate 358 of the 
present invention. The end plate 358 includes fluid con- 
nector 382 which includes an inner cylindrical portion 
1 00 forming a female member or portion for engagement 
with the male member or portion formed by the neck 80 
of the associated end cap 60. The outer portion 105 of 
the fluid connector 382 forms a portion for connection to 
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external piping. The fluid connector 382 may be con- 
structed from stainless steel or from any other material 
which is compatible with the fluids being filtered and is 
sufficiently strong to withstand the stress imposed on the 
connector by fluid pressure in the filter and the stress of 5 
the piping system. 

The filter holder 350 and the filter unit 52 are dimen- 
sioned such that the end caps 60 deform or flex inwardly 
slightly when the connectors are inserted into the fluid 
connectors 380, 382 of the end plates 352, 358, 114, 
thereby additionally stressing the neck 80 of the end 
caps against the gaskets 1 08 of the connectors 380, 382 
thereby establishing a seal. An internal sealing element, 
which in the illustrated embodiment comprises a replace- 
able gasket 108, is provided in the transition area 1 10 of 
the fluid connector. As illustrated in Fig. 13, the neck 80 
of the end cap 60 is inserted into the interior of the inner 
portion 100 of the fluid connector 382 and contacts the 
gasket 108 with a tapered space 30 being formed 
between the innermost end of external ribs 86 of the end 
cap 60 and the end plate 358. This gap assures that 
forces imposed by the axial deformation of the end cap 
60 will be imposed on the gasket 108, thus improving the 
fluid-tight connection between the end cap and the con- 
nector in a manner discussed in more detail below. 

As pressure increases within the filter unit, the end 
caps of the present invention deform by bowing outward. 
As this occurs the axial space 30 between the external 
ribs 86 of the end cap 60 and the end plate 358 is 
reduced to zero. At this point the end plate 358 prevents 
further deformation of the end cap. This design allows 
for a greater operating pressure within the filter unit with- 
out catastrophic failure of the unit. 

The design of the present invention maximizes the 
pressure on the gasket 1 08. The sealing pressure on the 
gasket 108 is approximately equal to the pressure within 
the filter unit during operation multiplied by the area of 
the end cap divided by the area of the gasket. Thus, as 
the pressure within the filter unit increases, the sealing 
pressure increases by an amount proportional to the 
area of the end cap divided by the area of the gasket. 

Fluid is forced through the inlet connector and end 
cap and into the filter to effect a filtration process. So long 
as the pressure within the filter unit 52 is relatively low, 
the preliminary seal provided by assembling the assem- 
bly 50 will provide an adequate seal between the end 
caps 60 and the fluid connectors 380, 382. As the fluid 
pressure within filter unit 52 increases, the pressure 
within the filter causes the end caps 60 to bow axially 
outwardly, forcing the neck into tighter engagement with 
the gasket 108, thereby further compressing the gasket 
108 and providing a more secure seal between the end 
caps 60 and the connectors 380, 382 without the manip- 
ulation of any connection or sealing elements. Because 
the sealing force is provided by the fluid pressure within 
the filter, it is unnecessary to provide additional sealing 
elements at higher pressures since the increased axial 
expansion of the end caps at such higher pressures pro- 



vide additional sealing force between end caps 60 and 
the fluid connectors 380, 382. 

As the pressure within the filter increases, the end 
caps bow outwardly further, thus further compressing the 
gaskets 108 and providing an even tighter seal. Since 
each end plate is designed to absorb and distribute the 
stresses imposed on the outer surface of the end cap by 
the fluid within the filter, the diameter of the end plate 
should be as large as the diameter of the end cap in order 
to assure adequate distribution of forces. 

When the flow of fluid through the filter unit 52 is ter- 
minated, the pressure within the filter unit is relieved and 
the end caps 60 return to their initial positions, thus par- 
tially relieving the axial pressure on the gasket and the 
neck of the end cap. Accordingly, the end caps of the 
filter unit can be removed from the filter holder and the 
filter unit 52 can be manually lifted out of the filter holder. 
The filter connectors 380, 382 remain attached to the 
external piping. 

Higher pressures can be tolerated within the filter 
unit by additionally reinforcing the end caps of the filter 
unit. Such an embodiment is shown in Figures 14-1 6. An 
embodiment having an additional rib is shown in Figures 
1 7 and 18. Reinforcement of the end caps is particularly 
desirable if the filter unit must be relatively large in diam- 
eter to permit a relatively high rate of fluid flow through 
the filter unit. To this end, concentric circular reinforce- 
ment fins or ribs 285 and 287 may be provided on the 
external face of an end cap 260 between the neck 280 
and the shell 282 as illustrated in Figs. 14-18. These ribs 
285, 287 provide structural support for the radial ribs. 
The annular ribs 286 prevent torsional deflection of the 
radial ribs 285, 287. Additional circular or radial ribs could 
be provided to provide additional support, if desired. End 
cap 260 is otherwise identical to the end cap discussed 
above, and includes a neck280, an essentially cylindrical 
shell 282, a surface 284 extending from the inner radial 
periphery of the shell to the base of the neck, a plurality 
of external radial support ribs or fins 286, and a plurality 
of internal radial ribs or fins 288 having notches 290 and 
protrusions 294 formed thereon. 

The shell 282, like the shell 82 of the first embodi- 
ment, has corrugations 296 formed on the inner periph- 
eral surface to provide an attachment surface for the hot 
melt bead. As illustrated in Fig. 16, these corrugations 
are formed by providing a plurality of evenly-spaced cir- 
cular ribs 298 on the inner peripheral surface of the shell 
282 so that grooves 300 are formed between the ribs 
which receive the hot melt bead during the assembly 
process. This view also illustrates in greater detail the 
manner in which the essentially cylindrical shell 282 is 
flared outwardly at its inner end. 

Another alternative is to provide an end cap which 
is suitable for use with medium-sized filter units and for 
intermediate fluid flow rates and pressures. This end cap 
differs from the end cap 260 only in that it would include 
only a single circular rib or fin positioned between the 
neck and the essentially cylindrical shell. This single rib 
provides a level of support intermediate to those pro- 
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vided by the ribs of the end caps of the first embodiment 
and the end caps of the second embodiment. 

During certain operations such as flushing of the 
system, it is desirable to remove the filter. The present 
invention includes a dutchman 400 which is shown in 5 
Figs. 19 and 20. The dutchman is also referred to as a 
jumper pipe, or connector piece. The dutchman 400 
includes a flange 401 which has an annular groove 402 
in which an "O" ring 403 is inserted. Fig. 19 shows an 
enlarged view of the flange 401 and annular groove 402. 
The dutchman 400 has a raised lip 404 which mates with 
the female portion of the fluid connector. However, the 
lip does not contact the gasket 1 08 of thefluid connector; 
rather the fluid seal occurs between the "O" ring and the 
metal plate or flange of the filter holder. This system 
allows for quick changeover and insures that the fluid 
connector and gasket are flushed clean. The dutchman 
400 provides a fluid connection which a filter is not 
required. This system allows all of the cavity formed 
between inner cylindrical portion 100 and the neck 80 
(Fig. 1 3) to be flushed clean. 

Claims 

1 . A filter assembly comprising: 

(A) a filter holder (350); 

(B) a sealed filter unit (52) having at least two 
ends, each end having an end cap (60), said 
end cap (60) having a bore formed therein for 
the passage of fluid; and 

(C) a pair of fluid connectors (382, 380), each 
of which engages a respective one of said end 
caps (60), each fluid connector (382, 380) being 
connectable to external piping, each fluid con- 
nector (382, 380) being mounted in said filter 
holder (350) and forming a sealed connection 
with said end cap (60) when said end cap (60) 
is engaged with said fluid connector (382, 380) 
and said sealed filter unit is mounted in said filter 
holder (350), wherein said end caps (60) are 
outwardly deformable under fluid pressure 
within said filter unit (52). 

2. The filter assembly as claimed in claim 1 , wherein: 

said fluid connectors (382,380) each includes 
a female portion having a sealing element located 
therein, 

each of said end caps (60) comprises a male 
portion, which selectively engages said sealing ele- 
ment, and an internal surface which extends gener- 
ally in parallel with said sealing element and which 
is subject to contact by fluid when said filter assem- 
bly is in use resulting in increased sealing forces as 
internal pressure within the filter unit increases, and 

the area of said internal surface is larger than 
the area of said sealing element. 



3. The filter assembly as claimed in claim 2, wherein 
each of said fluid connectors comprises: 

an inner cylindrical portion (1 00) which forms 
said female portion, 

an outer cylindrical portion (1 05) which forms 
a male portion for connection with external piping, 
and an annular flange extending radially from an 
inner end of said inner cylindrical portion (100) and 
being spaced axially from said one end cap (60) 
when said end cap (60) assumes a normal, non- 
deformed position. 

The assembly as claimed in claim 1 , wherein said 
filter holder (350) comprises: 

a plurality of side elements (350, 356), a first 
end plate (352) which is rigidly connected to said 
plurality of side elements (350, 356) and which has 
an opening formed therein for receiving one of said 
fluid connectors; and 

a second end plate (358) which is connected 
to said plurality of side elements (350, 356) and 
which has an opening formed therein for receiving 
the other of said fluid connectors, said second end 
plate (358) being movable from a first position allow- 
ing insertion of said filter unit (52) into said filter 
holder (350) and removal of said filter unit (52) from 
said filter holder (350) to a second position in which 
said fluid connectors (382, 380) are received in said 
openings of said first (352) and second (358) end 
plates and in which said filter unit is held in position 
by said end plates (352, 358). 

A filter assembly according to claim 1 comprising: 

(A) a rolled filter element (58) having first and 
second ends; 

(B) first and second end caps (60) sealed on 
said first and second ends of said rolled filter 
element (58); 

(C) a reinforcing tape wrap wound around said 
rolled filter element (58); 

(D) a filter housing (66) for supporting said rolled 
filter element (58); and 

(E) means (382,380) for forming a fluid-tight 
connection between each of said first and sec- 
ond end caps (60) and external piping elements 
under fluid pressure within said filter unit (52) 
such that when fluid pressure increases sealing 
force on the fluid tight connection increases. 

The assembly as claimed in claim 5, wherein each 
of said end caps (60) is deformable under fluid pres- 
sure within said filter assembly, and wherein said 
means for forming afluid-tight connection comprises 
first and second fluid connectors (382,380) each 
having a gasket which engages a portion of a 
respective one of said end caps (60), said gasket 
being compressed under deformation of said first 
and second end caps (60). 
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7. A method of filtering solutions comprising the steps 
of 

(A) providing first and second fluid connectors 
(382,380) on a filter holder (350) ; 5 

(B) mounting first and second end caps (60) of 
a filtration unit having a filter element sealed to 
said end caps (60) on said first and second fluid 
connectors (382, 380) such that sealed connec- 
tions are forced between said fluid connectors 10 
(382, 380) and said end caps; 

(C) conveying fluid into said first fluid connector 
(382), through said first end cap (60) and said 
filter element (58), and out of said second fluid 
connector (380); and is 

(D) axially deforming said end caps (60) by fluid 
pressure in said filter unit, thereby forcing said 
end caps (60) into tighter engagement with said 
fluid connectors (382, 380) and improving said 
sealed connections. 20 

8. A deformable end cap comprising: 

(A) an essentially frusto-conical annular surface 
(642) having an external face; 25 

(B) a hollow cylindrical neck (80) which extends 
outwardly from said external face and which 
forms a male portion for engagement with a 
female portion of a fluid connector; 

(C) an essentially cylindrical shell (82) which 30 
surrounds said annular surface and which has 

an outer axial end surrounding said external 
face and has an inner radial periphery; 

(D) a plurality of external ribs (86) which extend 
radially from said inner radial periphery of said 35 
shell (82) to said neck (80) and which extend 
axially from said external face to a position 
which is essentially coplanar with the outer axial 
end of said shell (82). 

40 

9. The deformable end cap as claimed in claim 8, fur- 
ther comprising one or more circular ribs (88) posi- 
tioned between said neck (80) and said shell (82). 

10. The deformable end cap as claimed in claim 9, 45 
wherein said shell (82) has an internal axial end 
which surrounds an internal face of said end cap 
(60), said internal axial end of said shell (82) being 
flared outwardly from an internal face of said surface 

to facilitate insertion of a filter element in said end so 
cap (60), said end cap (60) further comprising a plu- 
rality of internal ribs (86,88) extending radially from 
an inner radial periphery of said shell (80) to said 
neck (80) and providing support for the end cap (60) 
while providing channels for the transfer of fluid ss 
between said neck (80) and the axial end of said filter 
element. 



Patentanspriiche 

1. Filteranordnung mit 

(A) einem Filtertrager (350); 

(B) einerabdichtbaren Filtereinheit (52) mit min- 
destens zwei Enden mit je einer Endkappe (60), 
die eine Bohrung fur den Durchgang einer Flus- 
sigkeit aufweist; und 

(C) zwei Flussigkeitsverbindern (382, 380), die 
jeweils mit einer Endkappe (60) in Eingriff ste- 
hen, wobei jeder Flussigkeitsverbinder (382, 
380) mit einer externen Rohrleitung verbindbar 
im Filtertrager (350) angeordnet ist und eine 
dichte Verbindung mitder Endkappe (60) bildet, 
wenn diese mitdem Flussigkeitsverbinder (382, 
380) verbunden und die abdichtbare Filterein- 
heit im Filtertrager (350) befestigt ist, und wobei 
die Endkappen (60) unter Fliissigkeitsdruck 
innerhalb der Filtereinheit (52) nach auBen ver- 
formbar sind. 

2. Filteranordnung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB 

jeder Flussigkeitsverbinder (382, 380) einen 
Kupplungsteil mit eingesetztem Dichtungsele- 
merrt aufweist, 

jede der Endkappen (60) eine Steckverbindung 
aufweist, die wahlweise in das Dichtungsele- 
ment und eine Innenflache eingreift, die im 
wesentlichen parallel zum Dichtungselement 
verlauft und mit der Flussigkeit in Kontakt 
kommt, wenn die Filteranordnung in Betrieb ist, 
so daB bei ansteigendem Innendruck die 
Abdichtung der Filtereinheit erhoht wird, und 

der Flachenbereich der Innenflache groBer als 
der des Dichtungselements ist. 

3. Filteranordnung nach Anspruch 2, dadurch gekenn- 
zeichnet, daB jeder der Flussigkeitsverbinder fol- 
gende Komponenten aufweist: 

ein inneres zylindrisches Teil (100), das den 
Kupplungsteil bildet, 

ein auBeres zylindrisches Teil (105), das eine 
Steckverbindung fur den AnschluB einer exter- 
nen Rohrleitung bildet, und 

einen ringformigen Hansen, der sich radial von 
einem inneren Ende des inneren zylindrischen 
Teils (100) aus erstreckt und von der einen End- 
kappe (60) axial beabstandet ist, wenn diese 
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eine normale, nicht verformte Stellung ein- 
nimmt. 

4. Filteranordnung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daf3 der Filtertrager (350) folgende Kom- 5 
ponerrten aufweist: 

mehrere Seitenelemente (350, 356) und eine 
erste AbschluBplatte (352), die mit den Seiten- 
elementen (350, 356) Starr verbunden ist und 10 
eine Offnung fur die Aufnahme eines der Fliis- 
sigkeitsverbinder aufweist; und 

eine zweite AbschluBplatte (358), die mit den 
Seitenelementen (350, 356) verbunden ist und 15 
eine Offnung fur die Aufnahme des anderen 
Flussigkeitsverbinders aufweist, wobei die 
zweite AbschluBplatte (358) von einer ersten 
Stellung, in der die Filtereinheit (52) in den Fil- 
tertrager (350) einsetzbar und wieder heraus- 20 
nehmbar ist, in eine zweite Stellung bewegbar 
ist, in der die Flussigkeitsverbinder (382, 380) 
in die Offnungen der ersten (352) und zweiten 
(358) AbschluBplatte einfuhrbar sind und in der 
die Filtereinheit von den AbschluBplatten fest- 25 
gehalten wird. 

5. Filteranordnung nach Anspruch 1 mit 

(A) einem Rollenf ilter (58) mit einem ersten und 30 
zweiten Endabschnitt; 

(B) einer ersten und zweiten Endkappe (60), die 
den ersten und zweiten Endabschnitt des Rol- 
lenfilters (58) verschlieBen; 35 

(C) einem Verstarkungsband, das urn das Rol- 
lenf ilter (58) gewickelt ist; 

(D) einem Filtergehause (66) fur die Aufnahme 40 
des Rollenf ilters (58); und 

(E) Mitteln (382, 380) zur Bildung einer flussig- 
keitsdichten Verbindung zwischen jeder der 
ersten und zweiten Endkappen (60) und exter- 45 
nen Rohrleitungen unter Flussigkeitsdruck in 
der Filtereinheit (52), so daB bei steigendem 
Flussigkeitsdruckdie Abdichtung an derf lussig- 
keitsdichten Verbindung erhdht wird. 

50 

6. Filteranordnung nach Anspruch 5, dadurch gekenn- 
zeichnet, daB jede der Endkappen (60) unter Flus- 
sigkeitsdruck innerhalb der Filteranordnung 
verformbar ist, und daB die Mittel zum Bilden einer 
flussigkeitsdichten Verbindung einen ersten und 55 
zweiten Flussigkeitsverbinder (382, 380) mit jeweils 
einer Dichtung aufweisen, die jeweils mit einem Teil 
der Endkappen (60) in Eingriff kommt und bei Ver- 



formung der ersten und zweiten Endkappen (60) 
zusammengedruckt wird. 

7. Verfahren zum Filtrieren von Losungen mit folgen- 
den Schritten: 

(A) Bereitstellung eines ersten und zweiten 
Flussigkeitsverbinders (382, 380) an einem Fil- 
tertrager (350); 

(B) Anbringen von einer ersten und zweiten 
Endkappe (60) an ein Filterelement einer Filter- 
einheit, so daB mit den Endkappen (60) am 
ersten und zweiten Flussigkeitsverbinder (382, 
380) jeweils eine f lussigkeitsdichte Verbindung 
entsteht; 

(C) Zufuhren von HCissigkeit durch die erste 
Endkappe (60) und das Filterelement (58) in 
den ersten Flussigkeitsverbinder (382) und 
Abfuhren der Flussigkeit ausdem zweiten Flus- 
sigkeitsverbinder (380); 

(D) Axiales Verformen der Endkappen (60) 
durch Flussigkeitsdruck in der Filtereinheit, 
wodurch die Endkappen (60) zwangslaufig in 
engeren Kontaktmitden Fliissigkeitsverbindern 
gelangen und die Abdichtungen der Verbindun- 
gen verbessern. 

8. Verformbare Endkappe mit 

(A) einer imwesentlichen kegelstumpfformigen, 
ringformigen AuBenflache (642); 

(B) einem hohlzylindrischen Ansatz (80), der 
sich von der AuBenflache nach auBen erstreckt 
und fur die Verbindung mit einem Kupplungsteil 
eines Flussigkeitsverbinders eine Steckverbin- 
dung bildet; 

(C) einer im wesentlichen zylindrischen Hulse 
(82), die die ringformige Flache umgibt, und 
einem die AuBenflache umgebenden auBeren, 
axialen Ende, sowie einem inneren, radialen 
Umfang; 

(D) einer Vielzahl externer Rippen (86), die sich 
vom inneren, radialen Umfang der Hulse (82) 
aus zu dem Ansatz (80) und axial von der 
AuBenflache aus zu einer Position erstrecken, 
die mit dem auBeren axialen Ende der Hulse 
(82) im wesentlichen in einer Ebene liegt. 

9. Verformbare Endkappe nach Anspruch 8, gekenn- 
zeichnet durch eine Oder mehrere kreisformig zwi- 
schen dem Ansatz (80) und der Hulse (82) 
angeordnete Rippen (88). 
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10. Verformbare Endkappe nach Anspruch 9, dadurch 
gekennzeichnet, daB die Hulse (82) ein inneres 
axiales Ende aufweist, das eine Innenflache der 
Endkappe (60) umgibt, wobei das innere axiale 
Ende der Hulse (82) von der Innenflache aus nach 
auBen erweitert ist, um das Einsetzen eines Filter- 
elements in die Endkappe (60) zu erleichtern, und 
wobei die Endkappe (60) eine Vielzahl innerer Rip- 
pen (86, 88) aufweist, die sich von einem inneren, 
radialen Umfang der Hulse (82) aus zum Ansatz (80) 
hin radial erstrecken und die Endkappe (60) stutzen, 
wahrend sie Kanale fur den Transfer von Flussigkeit 
zwischen dem Ansatz (80) und dem axialen Ende 
des Filterelements bilden. 

Revendications 

1 . Ensemble de filtration, comprenant : 

(A) un support (350) de filtre, 

(B) une unite etanche de filtration (52) ayant au 
moins deux extremites, chaque extremite ayant 
un capuchon d'extremite (60), le capuchon 
d'extremite (60) ayant un trou forme pour le pas- 
sage de f luide, et 

(C) deux raccords (382, 380) de f luide, coope- 
rant chacun avec un capuchon respectif parmi 
les capuchons d'extremite (60), chaque raccord 
def luide (382, 380) pouvant etre raccorde a un 
tube externe, chaque raccord de fluide (382, 
380) etant monte dans le support (350) et for- 
mant une connexion etanche avec le capuchon 
d'extremite (60) lorsque ce capuchon d'extre- 
mite (60) est mis en cooperation avec le raccord 
de fluide (382, 380) et I'unite etanche de filtre 
est montee dans le support (350) de filtre, les 
capuchons d'extremite (60) etant deformables 
vers Texterieur sous Taction de la pression du 
fluide dans I'unite de filtration (52). 

2. Ensemble def iltration selon la revendication 1 , dans 
lequel : 

les raccords (382, 380) de fluide compren- 
nent chacun une partie femelle dans laquelle est 
place un element d'etancheite, 

chaque capuchon d'extremite (60) comporte 
une partie male qui est selectivement au contact de 
I' element d'etancheite, et une surface interne qui est 
disposee de facon generale parallelement a Tele- 
ment d'etancheite et qui est soumise au contact du 
fluide lorsque I'ensemble de filtration est utilise, si 
bien que les forces d'etancheite augmentent lorsque 
la pression interne dans I'unite de filtration aug- 
mente, et 

I'aire de la surface interne est superieure a 
celle de I'element d'etancheite. 

3. Ensemble def iltration selon la revendication 2, dans 
lequel chacun des raccords de fluide comprend : 



une partie cylindrique interne (1 00) qui forme 
la partie femelle, 

une partie cylindrique externe (105) qui 
forme une partie male destin6e & §tre connectee & 

5 un tube externe, et un f lasque annulaire depassant 

radialement d'une extremite interne de la partie 
cylindrique interne (1 00) et place a distance du pre- 
mier capuchon d'extremite (60) lorsque ce capu- 
chon d'extremite (60) a une position normale non 

w deformee. 

4. Ensemble selon la revendication 1 , dans lequel le 
support (350) de filtre comprend : 

plusieurs elements lateraux (350, 356), une 

15 premiere plaque d'extremite (352) qui est rigidement 
raccordee aux elements lateraux (350, 356) etqui a 
une ouverture formee pour le logement de I'un des 
raccords de fluide, et 

une seconde plaque d'extremite (358) qui est 

20 raccordee aux elements lateraux (350, 356) et qui a 
une ouverture formee pour le logement de I'autre 
des connecteurs de fluide, la seconde plaque 
d'extremite (358) etant mobile d'une premiere posi- 
tion permettant Introduction de I'unite de filtration 

25 (52) dans le support de filtre (350) et I'extraction de 
I'unite de filtration (52) du support de filtre (350) a 
une seconde position dans laquelle les raccords de 
fluide (382, 380) sont loges dans les ouvertures de 
la premiere (352) et de la seconde (358) plaque 

30 d'extremite et dans laquelle I'unite de filtration est 
maintenue en position par les plaques d'extremite 
(352, 358). 

5. Ensemble de filtration selon la revendication 1 , com- 
35 prenant : 

(A) un element roule (58) de filtration ayant une 
premiere et une seconde extremite, 

(B) un premier et un second capuchon d'extre- 
40 mite (60) cooperant de fagon etanche avec la 

premiere et la seconde extremite de I'element 
roule de filtration (58), 

(C) un ruban de renforcement enroule autour de 
I'element roule de filtration (58), 

45 (D) un boitier (66) de filtre destine a supporter 

I'element roule de filtre (58), et 
(E) un dispositif (382, 380) destine a former une 
connexion etanche au fluide entre chacun des 
premier et second capuchons d'extremite (60) 

so et des elements de tube externe sous Taction 

de la pression du fluide regnant dans I'unite de 
filtration (52) de maniere que, lorsque la pres- 
sion du fluide augmente, la force d'etancheite 
appliquee a la connexion etanche au fluide aug- 

55 mente. 

6. Ensemble selon la revendication 5, dans lequel cha- 
cun des capuchons d'extremite (60) est deformable 
sous Taction de la pression du fluide dans I'ensem- 
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ble de filtration, et dans lequel le dispositif destine a 
former une connexion etanche au fluide comprend 
un premier et un second raccord de fluide (382, 380) 
ayant chacun une garniture qui est au contact d'une 
partie d'un capuchon respectif d'extremite (60), la 5 
garniture etant comprimee par deformation du pre- 
mier et du second capuchon d'extremite (60). 

7. Procede de filtration de solutions, comprenant les 
etapes suivantes : 10 

(A) la disposition d'un premier et d'un second 
raccord de fluide (382, 380) sur un support de 
filtre (350), 

(B) le montage d'un premier et d'un second is 
capuchon d'extremite (60) d'une unite de filtra- 
tion ayant un element de filtre cooperant de 
fagon etanche avec les capuchons d'extremite 
(60) sur le premier et I e second raccord de fluide 
(382, 380) afin que des connexions etanches 20 
soientformees entre les raccordsdefluide (382, 
380) et les capuchons d'extremite, 

(C) le transport de fluide dans le premier rac- 
cord de fluide (382), dans le premier capuchon 
d'extremite (60) et dans I'element de filtre (58) 25 
afin qu'il sorte par le second raccord de fluide 
(380), et 

(D) la deformation axiale des capuchons 
d'extremite (60) par la pression du fluide dans 
I'unite de filtration, si bien que les capuchons 30 
d'extremite (60) sont pousses a force en coope- 
ration plus intime avec les raccords de fluide 
(382, 380) avec amelioration des connexions 
etanches. 

35 

8. Capuchon deformable d'extremite, comprenant : 

(A) une surface annulaire essentiellement tron- 
conique (642) ayant une face externe, 

(B) un col cylindrique creux (80) depassant vers 40 
I'exterieur de la face externe et qui forme une 
partie male destinee a cooperer avec une partie 
femelle d'un raccord de fluide, 

(C) une coquille essentiellement cylindrique 
(82) qui entoure la surface annulaire et qui a une 45 
extremite axiale externe entourant la face 
externe et qui a une peripherie radiale interne, 

et 

(D) plusieurs nervures externes (86) disposees 
radialement de la peripherie radiale interne de so 
la coquille (82) au col (80) et qui sont disposees 
axialement de la face externe a une position 
essentiellement coplanaire a I'extremite axiale 
externe de la coquille (82). 

55 

9. Capuchon deformable d'extremite selon la revendi- 
cation 8, comprenant en outre une ou plusieurs ner- 
vures circulaires (88) placees entre le col (80) et la 
coquille (82). 



10. Capuchon deformable d'extremite selon la revendi- 
cation 9, dans lequel la coquille (82) a une extremite 
axiale interne qui entoure une face interne du capu- 
chon d'extremite (60), I'extr6mit6 axiale interne de 
la coquille (82) s'evasant vers I'exterieur a partir 
d'une face interne de la surface pour faciliter I 'intro- 
duction d'un element de filtre dans le capuchon 
d'extremite (60), le capuchon d'extremite (60) com- 
prenant en outre plusieurs nervures internes (86, 
88) disposees radialement d'une peripherie radiale 
interne de la coquille (80) vers le col (80) et assurant 
le support du capuchon d'extremite (60) tout en for- 
mant des canaux pour le transfert du fluide entre le 
col (80) et I'extremite axiale de I'element de filtre. 
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FIG. 18 
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